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Abstract

The field of Evolutionary Developmental biology arose with the promise of new approaches to answering longstanding

questions of comparative biology. Here we review the fruits of that promise some decades later. We chose three areas of

arthropod EvoDevo—evolution of body plans, segment number, and appendage morphology —to provide an overview for the

nonspecialist of how these issues have been clarified by the comparative analysis of regulatory gene networks. In all cases, we
identify substantial progress and novel insights provided by the tools and perspective of EvoDevo. Wealso recognize that some

core questions remain unanswered, and we reflect on how discoveries in EvoDevo fit in the landscape of other progress in

phylogenetics, population biology, and genomics, facilitated by a new and ever-expanding set of molecular tools for comparative

studies in evolution.
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What meets the eye when we cursorily inspect

nature is an overwhelming variety of morphological

forms. One current strategy in biology to explain how

diverse forms might have evolved is to compare the

regulation of body patterning during development. If

we can grasp how form develops among a number of

related species, we can hypothesize how modifica-

tions in development create distinct morphological

forms over evolutionary time. The contemporary study

of how developmental patterning evolves —EvoDevo

—relies primarily on understanding the gene regu-

latory pathways that modulate development. At the

same time, EvoDevo draws on longstanding intellec-

tual enterprises in science. Here, we briefly describe

the development of EvoDevo as a modern field. Then,

using three specific examples related to our research

in arthropods, we evaluate the success of this

approach.

One of the oldest insights into animal diversity is

that variety can be partitioned and comprehended by

grouping similar animals together. Discriminating

similarities and differences among animals and using

those to erect categories of distinct types of animals

goes back at least to Aristotle and was a continuing

thread in the natural sciences as they developed over

the next two millennia. By the late 18th to early 19th
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Figure 1. Examples of relationships of body plans discerned from morphological and molecular perspectives. —A. Geoffroy

Saint-Hilaire’s famous drawing of a lobster dissection “une coupe longitudinale du homard” from plate 7 (p. 119) of the 1822

article “Considerations generates sur la vertebre.” In our Figure 1, the lobster is shown lying on its back, with its ventral nerve

cord above the internal organs. In the inverted orientation herein, the body plan of the arthropod resembles that of the vertebrate.

—B. Diagrammatic views of the protostome and chordate body plans. The dorsoventral structures occupy opposite sides of the

body and are patterned by inverted domains of the diffusible growth factors (green gradient: dppl BMPs) and their inhibitors (red

gradient: sog/Chordin; from DV-axis-inversion, L’ontogenese, Wikipedia). —C. Generalized pattern of arthropod tagmatization.

The diagram shows a simplified representation of the patterns of segmental diversification within arthropods: changes in segment

number, presence or absence of segments on a particular segment, and specialization of appendages within one body region.

century, the conceptual framework that developed for

this enterprise used the idea of homology (a structure

similar under any transformation) versus analogy (any

structure of similar function) to interpret parts of

animals, and the similarities among animals were

generalized using the conceptual model of an

archetype (see Russell, 1917; Hall, 1994, 1999).

The use of archetypes was a powerful tool for making

comparisons highly explicit between taxa since the

archetype was essentially a series of hypotheses

about the morphology of a particular taxon. This

theoretical framework, informed by a sophisticated

grasp of the body plans of distinct taxa, led to specific

discoveries (e.g., Goethe’s discovery of the human

intermaxillary bone) as well as broad sweeping

theories (e.g., Geoffroy Saint-Hilaire’s theory that

vertebrates are essentially arthropods flipped onto

their backs, or Richard Owen’s demonstration via his

vertebrate archetype that vertebrates are built from

repeated parts (Fig. 1A; Russell, 1917; Appel, 1987;

Hall, 1999).

The theoretical framework of comparative mor-

phology underwent a radical transformation at the

end of the 19th and early 20th century due to two

developments: Darwin’s theory of evolution by natural

selection and the modern synthesis of Mendelian

genetics and population genetics (see Mayr, 1993;

Gilbert et ah, 1996; Bowler, 2003). The growth and

predominance of these ideas had the effect of

diverting the understanding of morphology from

comparisons of form to a search for genetic (or other

reductive) causes of form. In this new light, many of

the hypotheses of the previous century disappeared.

The conundrums of the past century were not

resolved; they simply became unimportant in the

new way of conceiving of natural phenomena.

However, while old theories and hypotheses based

on archetypes were not part of the modem research
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Figure 2. A-D. Variety in arthropod limb morphology, using crustacean examples. —A. Thoracic limb of the mysid shrimp,

Americamysis bahia Molenock. —B. Thoracic limb of the fairy shrimp, Thamnocephalus platyurus Packard. —C. Anterior

thoracic limb (maxilliped) of the grass shrimp, Paleomonetes pugio Holthuis. —D. Thoracic limb of the isopod, Cirolina

concharum Lat. The two main branches are labeled 1 and 2, with additional lobes labeled as medial (M) or lateral (L). Note that

beyond the fundamental variability in number of branches and lobes, limb parts are highly variable in terms of shape,

proportion, and setal numbers and morphology. —E. Patterning in the leg disc of Drosophila. Diagram at top indicates signaling

along the A-P segment boundary, which initiates PD outgrowth of the leg. The genes that establish the PD axis

—

Distal-less

(red), dachshund (green), and extradenticle/homothorax (blue) —are activated in circular domains in the larval leg disc by a

combination of signals (gold, light blue). As the larval leg disc grows and extends into the adult leg, these genes function to

pattern three domains along the PD axis of the leg (diagram at bottom). Experimentally initiating new PD outgrowths by

misexpression of a signal (gold) gives rise to artificially branched legs. F, G. Comparative expression data in limbs of varying














